DNA from chicken embryo nucleosome tetramers (about 760 base pairs in size) was enriched for tRNA genes by RPC-5 chromatography. The enriched DNA was hybridized with chicken embryo total tRNA and the hybridized DNA isolated utilizing a) avidinbiotin interaction, b) diazobenzyloxymethyl paper, and c) high temperature RPC-5 chromatography. The obtained single stranded DNA highly enriched for tRNA complementary sequences was hybridized with total DNA from nucleosome monomers (140-190 base pairs in size) and the excess of non hybridized monomer nucleosome DNA removed by Sepharose kB chromatography. The hybrid molecules obtained were made fully double stranded by incubation with E.coli DNA polymerase I, DNA ligase, and exonuclease III. DNA was inserted into plasmid pBR322 by G-C joining procedure and the recombinant DNA used to transform the E.coli strain X'77^. More than 70$ of the transformants obtained hybridize to chicken embryo total tRNA.
INTRODUCTION
Due to the great complexity of the genome of higher eukaryotes difficulties arise when the cloning of a given genome segment by recombinant DNA techniques is intended (i). The purification or at least the enrichment of the genome segment of interest prior to cloning is desirable to increase cloning efficiency. The enzymatic synthesis of double stranded cDNA from purified mRNA has often been used to obtain well defined segments of double stranded DNA (2) (3) (4) (5) (6) (7) (8) (9) (10) . Although quite useful for a number of applications, cDNAs are not equivalent to eukaryotic genes since they do not reflect regulatory sequences and/or the intron-exon architecture (11) (12) (13) (14) (15) .
Gene enrichment procedures yielding double stranded DNA make use of restriction enzymes to dissect high molecular weight DNA. The DNA restriction fragments are fractionated by density gradient centrifugation (16) , gel electrophoresis (17) .
RPC-5 chromatography (12) , or R loop hybridization and purification techniques (18, 19) . In most cases, however, only a partial enrichment for a given fragment is achieved.
RNA:DNA hybridization allows for the efficient purification of RNA complementary DNA if the RNA:DNA hybrids can be separated from excess non hybridized DNA and RNA, respectively (20, 21) . Unfortunately, the DNA obtained is single stranded and per se cannot be cloned by recombinant DNA techniques. In the present paper we describe the purification of single stranded nucleosomal DNA highly enriched for tRNA complementary sequences and subsequent cloning of this DNA in the pBR322/j( 1776 vector-host system (22) .
METHODS
Total tRNA and DNA from nucleosome mono-and tetramers (N.J-and N.-DNA) were isolated from 13 day old chicken embryos (23, 24) . N.-DNA was about 50-fold enriched for tRNA genes by RPC-5 chromatography as described (25) .
Isolation of tRNA:DNA hybrids based on avidin-biotin interaction.
a) Preparation of biotin-diaminohexan-tRNA: N-hydroxysuccinimide ester of biotin was prepared as described by Manning et al. (26) and finally crystallized from 2-propanol.
tRNA (10 mg/ml) was oxidized with NalO^ as described by Broker et al. (27) . 1,6-diaminohexan (final concentration 0.8 M) was coupled at pH 9.0 by incubation at room temperature for 2 h.
Reduction with NaBH. was as described (27) . tRNA was dissolved at 20 mg/ml in 0.2 M triethanolamin-HCl, pH 9.0 and NKS-biotin vated with glutaraldehyde and 10 mg of avidin (Sigma GmbH) in 5 ml of 10 mM NaHCO were added. After 3 h at 4 °C the avidinglass beads were washed extensively with 0.1 M NaCl and stored at 4 °C. c) Hybridization and affinity chromatography: Hybridization mixtures contained in 1 ml: 1 mg/ml N.-DNA (about 50-fold enriched for tRNA genes) (25) , 100 ug/ml biotin-diaminohexan-tRNA, 80$ formamide, 2xSSC. Incubation was at 45 °C for 16 h. Samples were diluted with 1 ml 2xSSC, precipitated with ethanol, dissolved in 200 pi 1 M NaCl, 5 mM EDTA, 50 mM triethanolamin, pH 8.0, and excess biotin-diaminohexan-tRNA was removed by Sepharose 4B chromatography in the same buffer. Biotin-diaminohexan-tRNA :DNA hybrids were separated from non hybridized DNA by passage over a 0.6x5 cm avidin-glass column in 1M NaCl, 5 mM EDTA, 50 mM triethanolamin, pH 8.0; the flow was 0.2-0.4 ml/rain. The column was washed with 20 ml of buffer, heated to 50 °C, and hybridized DNA eluted with 99$ formamide.
To the eluate carrier tRNA was added. The solution was deproteinized and precipitated with ethanol. tRNA was hydrolyaed in alkali (0.2 M NaOH, 10 h, 50 °C ) , neutralized, and dialyged against 2xSSC.
Isolation of tRNA:DNA hybrids using diazobenzyloxvmethyl paper (DBM-paper). DBM-paper was prepared from Whatman 540 paper with 1-/"(m-nitrobenzyloxy)methyl/-pyridinium chloride as described by Alwine et al. (29) . 12 ug tRNA per cm of paper were bound. The tRNA-DBM paper was treated with Denhardt buffer (30) for 24 h. Hybridization was performed in a sealed plastic bag containing: a 1x10 cm strip of tRNA-DBM paper and 2 ml of 0.5 mg/ml N.-DNA (as above), 50$ formamide, 6xSSC, 0.2$ each of bovine serum albumine, polyethyleneglycoll (20000) and polyvinylpyrrolidon. Incubation was at 50 C for 16 h. The paper strip was washed 3 times in 300 ml of 50$ formamide, 6xSSC at 50 C, placed as a roll into a 30 ml Corex tube containing 5 ml of 99$ formamide, and incubated at 80 °C for 15 min with occasional swirling. Hybridized DNA was recovered as above. with RNase A and T (10 ug/ml and 250 U/ml, resp.), and processed for liquid scintillation counting (25) .
Electron microscope visualization of tRNA:DNA hybrids.
Polymethacrylate spheres were prepared by emulsion polymerization (26) . The spheres obtained had a diameter of about 30 run.
Avidin was coupled with 1-cyclohexyl-3-(2-morpholinyl-(h)-ethyl)-carbodiimide methyl p-toluene sulfonate (Sigma GmbH).
The avidin spheres were purified 2 times by sucrose gradient centrifugation (26) and finally stored in 1M NaCl, 10 mM EDTA, Oligo(dG) extension of the linearized pBR322: 100 ug/ml plasmid were digested with PstI (3 U/ug plasmid DNA)in 50 mM NaCl, 10 mM MgClg, 10 mM Tris-HCl, pH 7.0, 100 ug/ml gelatine.
Incubation was at 37 C for 1 h. The solution was deproteinized and extensively dialysed against 0.1 mM EDTA, 1hO mM cacodylic acid, 30 mM Tris, pH 7.6 (KOH). 20 ug/ml linearized pBR322 and 0.1k mM dGTP were incubated with terminal transferase as above. Isolation of hybrids by the avidin-biotin interaction this band becomes narrowed from both sides, reflecting the hy-drolytic as well as the synthetic activities of the DNA polymerase/exonuclease mixture. Correspondingly, the bands of denatured DNA become smaller with longer incubation but compared to non denatured DNA they are broader throughout the incubation. This difference in band breadth indicates that molecules smaller than the N.-DNA template are present even after 6 h of incubation. Since incubation of the reaction products with S1-nuclease does not further diminish the band breadth of denatured DNA (not shown here) we argue that incomplete ligation of neighbouring second strand fragments rather than incomplete second strand synthesis is the reason for this discrepancy.
The synthesized double stranded DNA was elongated with oligo(dC) using calf thymus terminal deoxynucleotidyl transferase and annealed with PstI cleaved oligo(dG) extended plasmid pBR322. Annealing conditions were designed to obtain in a first reaction high yields of G:C joined hybrids of linear plasmid and N.-DNA and to favour the formation of circular recombinant plasmid molecules in a subsequent reaction. The recombinant plasmid was used to transform the E.coli K12 strain 2(1776. Table 2 gives the yields of 3 transformations employing the same preparation of recombinant plasmid.
Autoradiographs obtained with the colony hybridization technique of Beckman et al. (36) are shown in Fig.3 . **8 tetracyclineresistent/ampicillin sensitive clones of transformation Cloning of tRNA identical DNA strands (obtained from DNA:DNA association) would necessarily decrease the yield of tRNA com-plementary sequences in the transformed colonies. However, the presence of tRNA genes on both strands of the original DNA from nucleosome tetramers would lead to similar high yields. We assume that the rationale of this purification and cloning procedure, i.e. purification of a long single stranded DNA molecule, reassociation with short non purified total DNA fragments, removal of non hybridized short fragments, and subsequent synthesis of a double stranded DNA, will also apply to the cloning of a given sequence in DNA fragmented by restriction endonucleases.
